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* Monopole whip antenna 


HF Whip 
* Operate at HF, VHF, and UHF E 
bands for military communications | 
systems be N 


* Omni-directional vertically- 
polarized radiation 


e Drawbacks 
x Large height, usually 4 to 11 m 
x Narrow bandwidth 


e Goal: Design of compact and 
ultra-wideband antennas. 
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e Electrically small antennas 
Mim (ka « 0.5) 





feed point 
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Bent Diamond Arm 


¢ Multi-resonant antennas 
ka = 1 


v Wide Bandwidth T. Tang et al., VT Antenna G. Goubau et al., IEEE Trans. N. Behdad et al., IEEE 
Group, 2008. Antennas Propag., Jan. Antennas Wireless Propag. 
1982. Lett., 2013. 


x Relatively Large Size 
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Z Circular Top 
Hat 





e Primary 3D loops 


100-ohm 


line d od * Parasitic open loops 


e Circular top hat 
¢ Strio-shaped probes 
* FR4 feed network 
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e S11 IS defined as 


1 
Secil = 5 (S11 + S12 + S21 + S22) 
: D 
Since 51; — 52» and S12 = S21 L. 


Oec11 = 511 + 912 


¢ Mutual coupling (S,,) canbe used | “™"* 
to increase BW. f 


Port! Port2 





e Primary loop + Image = Full loop 


———— 
Common Port 1 





= M current | : 
| Port 1" Zp ™ Port 2 
* Mcurrents EE Mutual coupling mM e Swm 
M 7 y Il 
^ y ^ 
e S, Is controlled m \ 
e Shaping the loops I / \ Il 
ME EM EM EM we 
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* Open small loops 


* Wide impedance match 2 
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single 3D loop Center-fed twin Outer-fed twin loops 





loops 
Capacitively-fed twin loops Outer-fed twin loops with Outer-fed twin loops with 
with circular top hat circular top hat rectangular top hat 





* Design Goals: 


1) Reduce frin 
2) Increase BW 


Final design 6 
utilizing two parasitic smaller loops 
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Single 3D Loop 
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Center-Fed Twin Loops 
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* Center-Fed Twin Loops 
u QI 
* High VSWR 
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Outer-Fed Twin Loops 
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Outer-Fed Twin Loops with Rectangular Top Hat 


A 


[(—X—,:"! a 


Input Resistance [Q] 
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Input Reactance [Q] 


-100 e Twin Loops with Rectangular 


500 1000 1500 2000 2500 3000 3500 4000 


Frequency [MHz] To Hat 
NI A " |ntroduce capacitance 


në E E E = First resonance frequency | 


ELEM = Qt VSWR 1 


VSWR 
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Outer-Fed Tyvin Loops vvith Circular Top Hat 
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Capacitively-Fed Twin Loops with Circular Top Hat 
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* Capacitively-Fed Twin Loops 
" Compensate inductance 


= Input resistance not change 
= Input reactance | 

= Introduce series resonance 
" First resonance frequency | 
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Final Design 
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VSWR 
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Fundamental Limits 


oohl-Gustafsson Limit & Hypothetical Antenna 





Step 1: Hypothetical Antenna K glk) y a 
i . . 4 ins 
" Vertically polarization of E 2 


= Omni-directional radiation 
= Cylindrically shaped volume 


"* Height / , diameter d — height-to- 
diameter ratio & — l/d 


Step 2: Assumptions 
= Well matched. 


=" Bandwidth is 4.1:1 
" Gain is from a dipole 


Realized Gain Polarizability Dyadic 


Limit: a, ,, < Lowest Frequency 8 < 
= Lowest frequency |, a,,,, T 
" Optimized ¢é is 1.26 


= Minimum lowest frequency is 644 MHz 
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Approach to the Limit 


e Dipole Version of Antenna 
" | 2 78 mm, d = 62.6 mm 
— C*1.26, a-2 50mm 
" 4.24:1 BW, 702-2990 MHz 
= Gain 1 — 4.6 dBi 


* Apply Sohl-Gustafsson Limit 
" dj, = 4.1 mm when ¢ ~ 1.26 
" ais 10% larger than a; 


Antenna 











Chu’s sphere 
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Simulated VSWR and gain of the dipole 
version of the proposed antenna 15 
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e Main body, 10 mil thick 
brass sheets 


* Ground plane, aluminum 
plate 


* Feed network, 1.58-mm 
FR4 substrate 


e 





Physical Dimensions of the Proposed Antenna 


= OOOI 
pepe 
Value (mm) 27.5 18.1 13.7 
Value (mm) 0.35 62.6 16 
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VSWR, Gain, and Efficiency 


e VSWR < 2 
v 4.1:1, 693 to 2840 MHz 
V k,;, = 0.726 
> * Gain 
£ 





lgpl uro 


v Increases vvith frequency 


Y Varies in the range of 3.8 to 
7.5 dBi 








1 — a m | --8 œ Efficiency 
600 1000 1400 1800 2200 2600 3000 3400 


Frequency [MHz] v Total efficiency above 80%. 
Simulated and measured VSWRs and gains Y At T Total efficiency 84.5% 


Radiation efficiency 95.1% 
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Radiation Pattern 





* Monopole-like radiation 


300 








270 


240 








¢ Similar patterns in the x - 
z and y - z planes 


300 


270 


« X-polin x-z&y-z 
planes « -20 dB 


240 








e X-pol in x - y plane, -4.5 
dB to -13.5 dB 


270} 


240 














180 


X - y plane 


The black solid line is the measured co-pol, 
the gray solid line is the measured cross-pol, 
the black dashed line is the simulated co-pol, 
the gray dashed line is the simulated cross-pol 
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G. Goubau et al., IEEE Trans. T. Tang et al., VT Antenna J. Oh et al., IEEE Trans. Antennas H. Nakano et al., IEEE Trans. H. Nakano et al., IEEE Trans. 
Antennas Propag., Jan. 1982. Group, 2008. Propag., Feb. 2014. Antennas Propag., Apr. 2008. Antennas Propag., Apr. 2008. 


* Cylinder 
« 4.1:1 BW from 693-2840 MHz 
* ka — 0.73, smallest ka value 
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Summary 





e A compact UWB antenna was designed. 
e Dimensions: R x H = 0.072 x 0.09 n, Knina = 0.73. 


e VSWR < 2 4.1:1 BW from 693-2840 MHz 
* Omni-directional radiation pattern 


e The antenna was compared against the Sohl- 
Gustafsson theoretical limits. 
* k,,,a Value that is only 1096 higher than the theoretical limit, 


45.1 mm. 
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X-pol Reduction 


e Each current along the edge find a 
counterpart to cancel out each 
other. 


e Diffraction effects suppressed 


Min, X-Pol Discrimination [dB] 
UA 


e X-polarization | 
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600 1000 1400 1800 2200 2600 3000 
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* Up to 38 dB enhancement 
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Sohl-Gustafsson Limit 


Sohl-Gustafsson Limit 


This limit takes into account the tradeoffs between the operating frequency band, form factor, 
size, and the partial realized gain of the antenna. 


2 g(k; k, é : E 
| pik. 6) gj = Lê- ye: ê+ (Èx ê) -Ym (Exe) 

0 k 2 
where glksk,ë) is the realized gain of the antenna, k is the wavenumber in free space, 7 is 
the absorption efficiency, and y, and y,, are the electric and magnetic polarizability. 


lf the material properties are not considered, we can introduce the high-contrast dyadic, y,, , 
defined as the limit of either y, and y 


ê -Yə 
k 


WE 
(k x €) - Yo - ( 


In microwave regime, magnetic materials are usually not used in antennas. Therefore, 
assuming y,, is O, the equation can be simplified as 


00 
g(k) ny 
Zy A =. ae 
I i dk : 


> 


where ë ë: Io: 
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